Recently there has been considerable debate in the scientific community regarding the 23 placenta as the host of a unique microbiome. No studies have addressed the associations of 24 clinical conditions such as maternal obesity, or localizations on the placental microbiome.
Introduction 36
The human microbiome is the collection of microorganisms which reside on or in human 37 organ systems. Symbiosis is the mutually beneficial relationship between humans and these 38 microorganisms whereas dysbiosis is the imbalance of the human microbiome. Dysbiosis has 39 recently been associated with diseases and abnormalities(1), including pre-term birth. In 40 particular, subjects who experienced pre-term labor had lesser Lactobacillus in their 41 microbiome as compared to term gestation subjects. In addition, wider bacterial diversity was 42 noted in pre-term pregnancies as compared to controls, including those associated with the 43 vaginal microbiome such as Ureaplasma species and those associated with the oral 44 microbiome such as Streptococcus thermophilus (2) (3) (4) . 45 While microbiome existence has been widely recognized in human organs such as the skin, 46 gut and vagina, there have been debates on the presence of a distinct microbiome in placental 47 tissue (2-8). The landmark report by Aagaard et al (5) demonstrated the presence of a unique 48 placental microbiome. Subsequently, other studies have attempted to characterize the 49 placental microbiome as well (7, 9) . On the contrary, some other studies (6, 10) refuted this 50 idea. Using 16S rRNA sequencing approach, the authors argued that the placental labor, multiple gestations, pre-gestational diabetes, hypertensive disorders, cigarette smokers, 77 HIV, HBV, and chronic drug users were excluded from the study. Patients meeting inclusion 78 criteria were identified from pre-admission medical records with pre-pregnancy BMI ≥30.0 79 (obese) or 18. 5-25.0 (normal pre-pregnancy weights amplicon was detected at the expected size of 290bp. Samples were pooled, size-selected and 110 denatured with NaOH, diluted to 8pM in Illumina's HT1 buffer, spiked with 15% PhiX, and 111 heat denatured at 96°C for 2 minutes immediately prior to loading. A MiSeq600 cycle v3 kit 112 was used to sequence the samples, following the manufacture's protocol. mask for 16S rRNA gene sequences, Pairwise UniFrac distances were computed using 120 QIIME (16). Permutation tests of distance and principal coordinates analyses were performed 121 using the MicrobiomeAnalyst, a web-based tool for comprehensive exploratory analysis of 122 microbiome data (17). Taxonomic assignments were generated by the UCLUST consensus 123 method of QIIME 1.9, using the GreenGenes 16S rRNA gene database v. 13_8 (18). We used (version 1.0.1) to estimate the percentage of OTUs in placental samples whose origin could 126 be explained by their distribution in the airswabs (20) . Table 1 . Maternal ages, 138 gestational weight gain and gestational age differences between the cases and controls are not 139 statistically significant, excluding the possibility of significant confounding from these 140 factors. Maternal pre-pregnant obesity, however, is associated with increasing parity and 141 gravidity (P<0.05). The variation in recruited cases versus controls in each ethnic background 142 reflects the multi-ethnic population demographics in Hawaii. 144 We first performed qPCR to determine the 16S rRNA copy numbers within extracted 145 samples. As shown in Figure 1A , placenta samples contain significantly more copies of 16S 146 as compared to airswab or water controls; placenta 73,595+/-1485 mol/µl , airswab 83 +/-43 147 mol/µl, water 24 +/-11 mol/µl. The difference of 16S transcript numbers between placentas 148 and airswab/water is significant (P<0.05). Given the extremely low bacterial biomass in placenta, we implemented an enrichment step in bacterial V4 region to remove human DNAs Figure 1E ). This band is missing in the 155 negative controls of airswabs and water, confirming that the bacterial DNAs are below 156 detectable levels in the environmental controls.
143

Enrichment of the placental microbiome
157
Placenta microbiome is different from the environmental background 158 We implemented a bioinformatics analysis workflow as shown in Figure S1 . We aligned the Figure 2B ). Alpha diversity was higher in 165 placenta than airswabs (t-test, p = 6.4947e-07) ( Figure 2A ). 166 We further illustrate the OTUs across samples in a heatmap ( Figure 2C Figure 3D ), is less in pre-pregnant obese samples compared to control 212 samples (t-test ,p value = 6.53E-05), across all read depths.
213
Placental microbiomes are different from the maternal to fetal side 214 The placenta samples were collected from three different regions of the placenta: maternal 215 side, intermediate layer and fetal side. We investigated the microbiome abundance and 216 compositions among these three regions (Figure 4 ). All three placenta regions share most 217 genus types ( Figure 4B ). Among them, Lactobacillus, the dominant taxa in all three layers, 218 shows decreasing relative percentages from the maternal to fetal side ( Figure 4B ).
219
Additionally, the overall richness (measured by alpha-diversity) is lower in the fetal side, 220 compared to the maternal (p value =0.01) and intermediate layer (p value =0.03) , as shown in the rarefaction curve ( Figure 4C ). Collectively, there appear trends of decrease in both 222 bacterial diversity and the frequency of Lactobacillus, from the maternal to the fetal side.
223
Discussion
224
In this study, we sought to characterize the biogeography of the placental microbiome in 225 obese and non-obese mothers by performing targeted 16S sequencing of the V4 hypervariable 226 region using an optimized protocol to enrich low bacterial biomass. We applied this protocol 227 to a placenta maternal obesity cohort of women going through elective C-sections, with 228 stringent controls for possible environmental contaminations. We not only confirmed the 229 existence of a unique placenta microbiome distinct from environmental controls, but also 230 found that pre-pregnant obese mothers have reduced bacterial diversity overall. Moreover, 231 within the same placenta, the overall diversity of bacteria appear to decrease from the 232 maternal to fetal side. 233 We included several careful controls for possible environmental contaminants. We selected 234 women undergoing C-section, rather than those giving birth vaginally, in order to avoid 235 bacterial contaminations from the vaginal region and the nonsterile delivery room. We also 236 used airswabs from the delivery room and laboratory, as well as samples of unopened lab 237 reagents. Our results show strong evidence that taxa contained placental samples are distinct 238 from those in airswab samples, ruling out that the microbiome in placenta is mostly due to Enterococcus are Proteobacteria, gram-negative symbionts usually found in the gut.
243
Lactobacillus are Firmicutes, gram positive bacteria, and also found in the digestive system 244 where they convert sugar to lactic acid. It was postulated that Lactobacillius could transfer from maternal gut to placenta, though the mechanism is unclear (23). Chryseobacterium, 246 from the Bacteroidetes phylum, is a type of gram-negative bacteria typically found in milk 247 (24).
248
Bacterial placenta microbiome diversity is lower in pre-pregnant obese mothers when 249 compared to those non-obese mothers, consistent with previous findings associating obesity 250 with lower microbiome diversity. It was found that oral microbiome were less abundant in 251 obese subjects, compared to normal weighted controls (21); among the mothers who gave 252 spontaneous preterm births, excess gestational weight gains, rather than obesity, were 253 associated with decreased richness in placenta microbiome (25). In our cohort, by 254 experimental design the mothers differed by pre-pregnant BMIs but not by net weight gain, 255 allowing us to directly pinpoint the association between pre-pregnant BMI and microbiome.
256
Additionally, our study only includes full-term births, excluding potential confounding from 
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